Objective: The purpose of this study is to evaluate the efficacy of laminoplasty in the treatment of spinal cord injury (SCI) without instability. Methods: 79 patients with SCI without instability who underwent surgical treatment in our institute between January 2005 and September 2012 were retrospectively reviewed. Twenty nine patients fulfilled the inclusion criteria as follows: SCI without instability, spinal cord contusion in MRI, cervical stenosis more than 20%, follow up at least 6 months. Preoperative neurological state, clinical outcome and neurological function was measured using the American Spinal Injury Association (ASIA) impairment scale, modified Japanese Orthopedic Association (mJOA) grading scale and Hirabayashi recovering rate. Results: Seventeen patients showed improvement in ASIA grade and twenty six patients showed improvement in mJOA scale at 6 month follow up. However, all patients with ASIA grade B and C have shown improvement of one or more ASIA grade. Mean Hirabayashi recovery rate was 47.4±23.7%. There was better neurologic recovery in those who had cervical spondylosis without ossification of posterior longitudinal ligament (OPLL) (p<0.05, X 2 test). Conclusions: It is different in B, C, D with ASIA A that there are debates going on about the application of surgical treatment in ASIA A, and surgical treatment is helpful in B, C, D since it contributes to neurologic improvement. We concluded that laminoplasty provided good neurologic recovery in SCI without instability that cervical canal stenosis, especially spondylosis without OPLL and neurologic deterioration in ASIA B, C and D.
INTRODUCTION
Spinal cord injury (SCI) is a devastating event for the patient and family. The patient may result in permanent disability and the socio-economic impact is a tremendous total.
In the acute post-injury phase, intensive hemodynamic monitoring and critical care management is very important 17, 25, 27, 30) . The treatment of SCI without instability such as fracture, dislocation and ligament injury, however, remains controversial.
Additionally, the role and timing of surgical treatment in SCI without instability was debated in several literatures.
Mirza et al,reported that stabilization within 72 hr of injury in cervical spine injured patients is sufficient to improve neurological outcome 23) . Other investigators have also reported spontaneous neurological recovery in the conservatively managed group 3, 4, 28) . However, neural compressions by stenotic lesions may warrant surgical interventions to improve paralysis in acute stage. Laminoplasty has been widely accepted as a reasonable option to treat multilevel pathology of the cervical spine, such as OPLL and cervical spondylotic myelopathy (CSM). It permits adequate decompression of the cervical spinal cord and is safe and easily performed 16, 20, 21) . The purpose of our study was to evaluate the efficacy of laminoplasty in the treatment of SCI without instability.
MATERIALS AND METHODS
We retrospectively reviewed the medical records of 79 patients with SCI without instability who underwent surgical treatment in our institute between January 2005 and Septem- 19) ,
where A is the diameter of the cervical cord at the injured level and B is the diameter of the cervical cord at the non-compression level. Exclusion criteria is existence of instability or kyphosis. Cervical spine instability is defined as the loss of ability of cervical spine under physiological loads. Instability was judged by destruction or loss of function of anterior or posterior elements, relative translation of vertebra in sagittal plane higher than 3.5 mm and angulation higher than 11 degrees. The degree of cervical instability was assessed by plain film, stress view (flexion and extension), computed tomography (CT) and magnetic resonance image (MRI). There were 26 males and 3 females ranging in age from 31 to 73 years old (mean age 57) ( Table 1 ).
The patients sustained by several different causes of injuries from motor vehicle accident, fall-down and slip down. Preoperative neurological state, clinical outcome and neurological function was measured using the ASIA impairment scale, mJOA grading scale and Hirabayashi recovering rate. Those assessments were made at admission and at 6 month follow-up after surgery.
Hirabayashi recovery rate= (Post-operative JOA score -Pre-operative JOA score) ×100% (Full score -Pre-operative JOA score) Statistical analyses were performed using SPSS statistic software (18.0 K). A p-values were generated using Fisher exact test and repeated measures ANOVA. A p-value of less than 0.05 was considered statistically significant.
RESULTS
On admission, preoperative ASIA grades were A in 3, B in 7, C in 9 and D in 10 patients. One patient had both leg weakness with cervical spondylosis before the trauma and the others had no neurologic deficits. Overall pre-and postoperative neurologic status are summarized in Table 2 . Preoperative mJOA scale ranged 0 to 16 (Mean=8.1±5.3) and postoperative mJOA scale ranged 0 to 18 (Mean=12.1± 5.2). Twenty six patients (89.6%) showed improvement in mJOA scale at 6 months follow up. There was statistically significant in improvement of mJOA scale (p<0.05, Repeated measures ANOVA).
Seventeen patients (58.6%) showed improvement in ASIA grade at 6 months follow up and especially all patients with ASIA grade B and C have shown improvement of one or more ASIA grade (Table 3) .
All patients had pre-existing lesion such as degenerative cervical spondylosis or OPLL. Presence of OPLL was confirmed using CT and, especially, type of OPLL was classified on CT sagittal view. This can be seen as areas of ossification behind the cervical vertebral bodies. 21 patients had degenerative cervical spondylosis without OPLL and 8 patients had OPLL. There was better neurologic recovery in those who had cervical spondylosis without OPLL before injury than OPLL (p<0.05) (Fig. 1) .
We stratified the patients into two groups according to timing of operative intervention. The early surgical group consisted of 25 patients who underwent surgery within 24 hours of injury. Four patients in the delayed surgical group underwent surgery after 24 hours. The causes of delayed operation were unstable vital sign (1 patient) and hospital visiting over 24 hours (3 patients) after trauma. No significant difference Fig. 1 . Neurologic outcome according to pre-existing lesion There was better neurologic outcome in those who had OPLL than other pre-existing lesion before injury (p<0.05). Fig. 2 . Neurologic outcome according to cervical stenosis degree Good neurologic outcome was showed at 40-60% cord compression rate but no significant statically difference (p≥0.05).
was noted in neurologic improvement between the early surgical group and delayed surgical group (p>0.05).
Mean Hirabayashi recovery rate was 47.4±23.7%. Good neurologic outcome also was noted at short segment (2 and 3 levels) laminoplasty in Hirabayashi recovery rate. Hirabayashi recovery rate in 2 and 3 levels laminoplasty group were 66.7% and 49.4%. However it had no statistical significance.
In this study, 20 patients had spinal cord compression rate, lesser than 50% and 9 patients' rate was greater than 50%. A group with compression rate, lesser than 50% showed better neurologic outcome, however, it did not statistical significance (p>0.05) (Fig. 2) .
There was no severe postoperative complication but exist some of axial neck pain complaint.
DISCUSSION
Two major mechanism of spinal cord injury with the neurologic deficits, primary and secondary injuries, are accepted widely 1, 26) . The primary mechanism results from an insult that occurs at the time of impact, such compression, distraction, laceration, or shear, which are not amenable to therapy. The secondary injuries, including edema, inflammation, or ischemia, provide a therapeutic window of opportunity for intervention 2, 12) . Although there has been neurological improvement shown with early decompression in animal models 6, 10) , clinical studies on surgical results remain controversial. Various investigators have reported spontaneous neurological recovery in the conservatively managed group 3, 4, 28) and conservative treatment remains a good option for patients with incomplete cervical cord injuries 18) . Kawano et al. reported that surgical treatment was not found to be superior to conservative treatment for cervical spinal cord injury (ASIA B, C) patients without bone and ligament injury in the acute phase 19) . Therefore some spine surgeons adopted conservative approach. However, the others asserted that operative intervention provided statistically better motor recovery than did conservative therapy 5, 7) . In this study, although not compared with conservative treatment, we concluded that surgical intervention, especially laminoplasty, provided good neurologic recovery in SCI without instability.
Some investigators have reported surgical outcome excluded ASIA A and D patients. The reason of exclusion was that many patients with ASIA A were in very poor general condition and either patients with ASIA A or D did not show significant neurologic outcome after surgery. However, in present study, patients with ASIA A and D were included because of presences of cervical cord compressed lesions and contusion. Nevertheless, there were no neurologic recovery in ASIA A and small degree of neurologic recovery in ASIA D. Therefore, surgical treatment might be required in ASIA D, since there was neurologic improvement in some way. However, in ASIA A, it is difficult to make conclusion that it is justifiable to apply surgical treatment since there was no significant neurologic improvement.
The degree of spinal canal stenosis did not affected patients' recovery rate in this study. Although good neurologic outcome showed at lesser than 50% cord compression rate, neurologic outcome according to the degree of cervical stenosis was no significant statistically difference (p>0.05). However, Yoo et al reported neurologic deterioration after trauma and outcome after surgery depended on the diameter of the residual spinal canal 29) . Chikuda, et al. reported better neurological outcome in patients with gait disturbance before injury when they compared surgery and conservative treatment for traumatic cervical spi-nal cord injury associated with OPLL 9) . However, they noted no statistical difference between surgery and conservative treatment 9) . One meaningful result in this study is that there was better neurologic recovery in those who had cervical spondylosis without OPLL before injury than others (p<0.05, χ2 test). Although most patients had no neurologic deficits before the trauma, we considered that patients with OPLL had more compressed and vulnerable cord than spondylosis without OPLL. Therefore, patients with OPLL had more neurologic deficits at the time of injury, relatively.
The decompression surgery was anterior approach, posterior approach or both. Fessler et al. reported anterior decompression and fusion provided symptom improvement for CSM 15) . Edwards et al. reported improvement of neurologic symptoms after laminoplasty 11) . The method of surgical intervention was decided based on pathologic lesion location, range, comorbidity, patient conditions, and operator's favor. Open-door expansile cervical laminoplasty (ODECL) is an effective surgical technique in the treatment of multilevel CSM 16, 20, 21) . This technique was used in multilevel stenosis, no sagittal malalignment and no kyphotic deformities. Laminoplasty may be simpler, more rapid procedure and more effective decompression of cervical spinal canal than anterior decompression in multilevel stenosis. Therefore, we used this laminoplasty in SCI without instability for better neurologic outcome than conservative treatment.
The optimal timing of surgical intervention for spinal cord injury (SCI) remains controversial. Early spinal surgery (within 72 hr after injury) was associated with shorter length of stay and reduced pulmonary complications, however, no differences in neurologic or functional improvements were noted compared with late surgical groups 22) . On the other hand, someone argued early decompression (<24 hr) should be considered as part of the therapeutic management of any patient with SCI, particularly those with cervical SCI 13, 14, 23, 24) . In our study, no significant difference was noted in neurologic improvement between the early surgical group (<24 hr) and delayed surgical group (>24 hr) (p>0.05).
Limitation of this study was that there was non-randomized study, bias inherent to retrospective chart reviews, short follow-up period and small sample size. The length of follow up period was less than 1 year in some patients. However, we observed patients' status minimum 6 months, because the neurologic recovery in terms of JOA scores improved after surgical decompression, reached statistical significance at 3 month and reached a plateau at 6 month 8.
CONCLUSION
It is different in B, C, D with ASIA A that there are debates going on about the application of surgical treatment in ASIA A, and surgical treatment is helpful in B, C, D since it contributes to neurologic improvement. We concluded that laminoplasty provided good neurologic recovery in SCI without instability that cervical canal stenosis, especially cervical spondylosis without OPLL and neurologic deterioration in ASIA B, C and D.
